Introduction
Recent developments in YBCO coated conductors fabrication open the doors for construction of all-superconducting magnets to go to 30 T and beyond. A key part of the magnet design depends on knowing the detailed angular dependence of the critical current I c (θ) so that the coil quench design point can be predicted with confidence. On the other hand I c (θ) study serves as a powerful tool to identify pinning mechanisms in the conductor, especially when combined with detailed microscopic studies of the superconductor morphology. These studies are crucial for the engineering, design, and fabrication of enhanced performance conductors for such magnets.
Experimental
Angular critical supercurrent I c (θ, B,T=4.2 K) was measured in 15 T superconducting and 31 T resistive magnets in using YBCO copper stabilized tapes from SuperPower Inc. Measurements were performed with the tape plane rotated relative to magnetic field H. The current was always kept perpendicular to H with maximum Lorentz force. 
Results and Discussion
We measured several YBCO tapes fabricated under various growth protocols: single or double layer YBCO growth. with and without BaZrO 3 pinning centers. BZO nanorods are very effective in developing strong c axis pinning at higher temperatures but these peaks disappear at low temperatures as dense but smaller pinning centers start to operate. Irrespective of whether BZO is present, all samples show an angular dependent Jc that evolves from a smooth, Ginzburg-Landau-like function originating from isotropic random pinning to a cusp-like dependence which stems from correlated pinning. J c (H) is almost independent of the in-plane H, while it decreases substantially for H||c axis. We believe that the dominant in-plane correlated pin responsible for the cusp is the intrinsic pinning provided by the Cu-O charge reservoir layers, enhanced by stacking faults.
Conclusions
At 4.2 K, in contrast to 77 K, all tapes have qualitatively similar I c (θ,H). However we did find that the maximum I c (θ) for BZO samples around the ab plane is broader and their anisotropy lower in comparison to undoped samples. This is positive news for magnet construction because it shows that strong pinning enhancement by methods such as BZO addition do beneficially affect I c (θ,H) at 4 K and fields up to 30 T too.
